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(54) PRODUCTION OF FE-BASE SINTERED 

ALLOY MEMBER HAVING HIGH STRENGTH 
AND HIGH TOUGHNESS 

(57) Abstract: 

PURPOSE: To produce Fe-base sintered alloy mem- 
ber having high strength and high toughness by gran- 
ulating the Fe-base alloy ne powder to the Fe-base al- 
loy coarse powder so as to become the speci c coarse 
particle degree, mixing the granulated powder and the 
coarse powder at the speci c ratio, compacting and 
sintering. 

CONSTITUTION: The Fe-base alloy coarse powder 
having relatively coarse particle size (for example, 
about 80W350 mesh particle size and about 80/; aver- 
age particle diameter) and the Fe-base alloy ne pow- 



der having ne particle size (for example, about minus 
635 mesh particle size and about 8// average particle 
diameter) are prepared as the raw material powder- 
By burning this Fe-base alloy ne powder or by using 
binder, the granulation is executed to average diameter 
corresponding to about 20W40% of the average diam- 
eter of the Fe-base alloy coarse powder. Next, after 
mixing so as to become the blending ratio of 70W90 
wt.% the coarse powder and 10W30 wt.% the gran- 
ulated powder, it is compacted to the green compact 
and sintered. By this method, the Fe-base sintered al- 
loy member having high strength, high toughness, high 
density and extremely small rate of size changing is 
obtd. and at the time of applying it to the mechanical 
structure member, excellent characteristic is obtd. for 
a long time. 
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(54) [Title of the Invention] A manufacturing method of an Fe-base sintered alloy member 
having high strength and toughness 

[Specification] 

[Title of the Invention] A manufacturing method of an Fe-base sintered alloy member having 
high strength and toughness 

[Scope of Patent Claims] 

[Claim 1] A manufacturing method of an Fe-base sintered alloy member with high strength and 
toughness, said manufacturing method characterized by a process comprising: preparing an Fe- 
base alloy coarse powder of relatively coarse particle size and an Fe-base alloy fine powder of 
fine particle size as the raw material powder; granulating said Fe-base alloy fine powder to have 
an average diameter corresponding to 20-40% of the average diameter of said Fe-base alloy 
coarse powder of coarse particle size through preliminary sintering or use of a binder; blending 
so as to obtain a ratio of 70-90 wt% of said Fe-base alloy coarse powder and 10-30 wt% of said 
Fe-base alloy fine powder; mixing under normal conditions; molding to form the compact; and 
sintering the compact. 

[Detailed Description of the Invention] 
[0001] 
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[Field of Industrial Application] The present invention relates to a manufacturing method of an 
Fe-base sintered alloy member having high strength and toughness as applied in various machine 
components and the like. 
[0002] 

[Prior Art] In general, said Fe-base sintered alloy member is manufactured by using Fe-base 
alloy powder with an average particle size of 70-100 ^m at the specific composition ratio as the 
raw material powder, molding to the compact under normal conditions, that is, under 
approximately 5-6 ton/cm 2 pressure, and then sintering the compact at 1 100-1 150°C in a non- 
oxygenated atmosphere. 
[0003] 

[Problem to be Solved by the Invention] However, the strength and toughness of the Fe-base 
sintered alloy member manufactured by said conventional method is not satisfactory. 
Furthermore, in combination with recent demands for conservation of weight and energy, as well 
as high-performance, present circumstances have resulted in a strong desire for the manufacture 
of an Fe-base sintered alloy member with higher strength and toughness. 
[0004] 

[Means for Solving the Problem] From said point of view, the inventors of the present invention 
have undertaken research to manufacture an Fe-base sintered alloy member with high strength 
and toughness. As a result, findings were obtained indicating that the insufficient strength and 
toughness of the Fe-base sintered alloy member manufactured by said conventional method 
derived from the fact that holes present in the Fe-base sintered alloy member, especially in the 
compact thereof are large and uneven. However, regarding a compact prepared by using an Fe- 
base alloy coarse powder of relatively coarse particle size and an Fe-base alloy fine powder of 
fine particle size as the raw material powder, granulating said Fe-base alloy fine powder to an 
average particle size corresponding to 20-40% of the average particle size of said Fe-base alloy 
coarse powder of coarse particle size by preliminary sintering or the use of a binder, blending so 
as to obtain a ratio of 70-90 wt.% of said Fe-base alloy coarse powder and 10-30 wt.% of said 
Fe-base alloy fine powder, mixing under normal conditions, and molding from the mixed powder, 
the compact has a powder alignment in which said Fe-base alloy granulated powder of fine 
particle size corresponding to 20-40% of the average particle size of said Fe-base alloy coarse 
powder is located in the holes formed among said Fe-base alloy coarse particles having relatively 
coarse particle size. Therefore, the holes are extremely miniaturized. When sintering the compact 
in such condition, said miniaturized holes are spheroidized and given high density. Consequently, 
the resulting Fe-base sintered alloy member comes to have high strength and toughness as well 
as a small rate of changing in size. 
[0005] 

The present invention is based on said findings and characterized by the manufacturing method 
of an Fe-base sintered alloy member having high strength and toughness as well as a small rate 
of changing in size, wherein said manufacturing method is comprised of preparing an Fe-base 
alloy coarse powder of relatively coarse particle size and an Fe-base alloy fine powder of fine 
particle size as the raw material powder, granulating said Fe-base alloy fine powder to an 
average particle size corresponding to 20-40% of the average particle size of said Fe-base alloy 
coarse powder of coarse particle size by preliminary sintering or the use of a binder, blending so 
as to obtain a ratio of 70-90 wt% of said Fe-base alloy coarse powder and 10-30 wt% of said Fe- 
base alloy fine powder, mixing under normal conditions, molding the mixed powder to form the 
compact, and sintering the compact. 
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[0006] 

In the method of the present invention, the average particle size of the Fe-base alloy granulated 
powder was determined to be 20-40% of the average particle size of the Fe-base alloy coarse 
powder (hereinafter, referred to as the relative average particle size ratio). The reason is that it is 
difficult to evenly mix with the Fe-base alloy coarse powder at under 20% of the relative average 
particle size ratio, and it is also impossible to mold a compact having an even powder alignment, 
that is, the compact in which the holes formed among the Fe-base alloy coarse powders are 
sufficiently filled with said Fe-base alloy granulated fine powder. Therefore, even if sintering the 
resulting compact, an Fe-base sintered alloy member having high strength and toughness cannot 
be obtained. On the other hand, with a size of 40% or more of the relative average particle size 
ratio, the particle size is too big to fit in the holes formed among the Fe-base alloy coarse powder. 
Rather, the particles act in a direction to separate, which interferes with sufficient backbone 
formation by said Fe-base alloy coarse powder in the Fe-base sintered alloy member. Therefore, 
it is unable to obtain high density or improve the strength and toughness. In addition, the 
blending ratio was set to be 70-90 wt% of said Fe-base alloy coarse powder and 10-30 wt.% of 
said Fe-base alloy fine powder. The reason is that by making the percent of Fe-base alloy coarse 
powder less than 70%, the ratio of the Fe-base alloy granulated powder exceeds 30%, which is 
too high. In this case, the Fe-base alloy granulated powder fills in the holes formed among the 
Fe-base alloy coarse powder and, further, the excess Fe-base alloy granulated powder remains. If 
sintering the compact in this condition, the changing in size unpreferably increases. On the other 
hand, using 90% or more of the Fe-base alloy coarse powder, the ratio of the Fe-base alloy 
granulated powder decreases to under 10%, which is too low. As a result, it is impossible to 
completely fill in the holes formed among the Fe-base alloy coarse powder with the Fe-base 
alloy granulated powder, which inhibits sufficient miniaturization of the holes. Accordingly, 
sintering the compact in this condition cannot achieve sufficient high strength and toughness or 
maintain a low rate of changing in size. 
[0007] 

[Embodiments of the Invention] Next, the method of the present invention will be specifically 

explained in reference to the embodiments. 

[0008] 

[Embodiment 1] As the raw material powder, prepare an Fe-base alloy coarse powder having a 
composition (shown as wt.%) that contains Ni: 2.1%, Mo: 0.5%, C: 0.6%, and the rest 
comprising Fe and unavoidable impurities, with an average 80(am of relatively coarse particle 
size in a range of 80-350 mesh particles as well as an average 80jim of relatively fine particle 
size with 635 mesh or higher. Next, granulate said Fe-base alloy fine powder of a specific 
particle size. Mold various Fe-base alloy granulated powders with the relative average particle 
size ratio shown in Table 1 respectively by preliminary sintering said Fe-base alloy fine powder 
of a specific particle size in a reducing atmosphere at 750°C. Blend the resulting Fe-base alloy 
granulated powder with said Fe-base alloy coarse powder in the respective combination ratio 
shown in Table 1 . Further, since the C content in said Fe-base alloy coarse powder and the Fe- 
base alloy fine powder is insufficient by 0.2% of the target C content, add the insufficient 
amount of carbon powder and 1% of zinc stearate powder as a lubricant and mix it for 1 hour 
under normal conditions. Fill the mixed powder in a mold while shaking, and mold a compact 
having the dimensions of diameter: 1 1.3 nm x length: lOnm under 6 ton/cm 2 pressure. By 
sintering the compact while maintaining conditions at 1 130°C for 30 minutes in a nitrogen 
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atmosphere, the methods 1-8 of the present invention and the comparative methods 1-5 are 

performed to produce various Fe-base sintered alloy members. 

[0009] 

In each of the comparative methods 1-4, either the relative average particle size ratio or the 
blending quantity of the Fe-base alloy granulated powder deviates from the range of the present 
invention. Comparative method 5 is equivalent to the conventional method whereby said Fe-base 
alloy granulated powder is not mixed as the raw material powder. 
[0010] 

[Embodiment 2] Instead of preliminary sintering, use 2 wt% of resin as a binder for molding the 
Fe-base alloy granulated powder. Furthermore, employ the relative average particle size ratio and 
the blending quantity of the resulting Fe-base alloy granulated powder shown in Table 2. After 
molding said resin to the compact, the methods 9-16 and the comparative methods 6-9 are 
conducted to produce an Fe-base sintered alloy member under the same conditions as 
Embodiment 1, with the exception of removal in a reducing atmosphere while maintaining 
conditions of 650°C for 2 hours. 



Table 1] (*: out of the scope of the present invention) 







Fe-base alloy 
granulated powder 


Fe-base sintered alloy member 


Type 


Relative 
average 
particle 
size ratio 

(%) 


Blending 
quantity 
(wt%) 


Tensile 
strength 
(Kgf/cm 2 ) 


Stretch 
(%) 


Impact 
value 
(Kgf- 

m/cm ) 


Density 
(g/cm 2 ) 


Size 
changing 
rate 
(%) 


§• 


1 


20 


20 


48 


8.5 


5.0 


7.2 


-0.06 i 


2 


30 


15 


49 


8.3 


5.0 


7.2 


+0.01 




3 


30 


25 


50 


9.0 


4.9 


7.2 


-0.06 


S ° 


4 


24 


20 


49 


9.1 


5.2 


7.2 


-0.04 


3 ■— ► 


5 


35 


20 


51 


8.9 


4.9 


7.2 


-0.08 




6 


40 


20 


50 


8.7 


4.7 


7.2 


-0.08 


m 
a> 
3 


7 


30 


10 


47 


7.8 


4.2 


7.1 


+0.04 




8 


30 


30 


51 


9.0 


5.1 


7.2 


-0.12 


Comparati 
inventinr 


1 


30 


5* 


44 


4.1 


2.4 


7.0 


+0.08 


2 


30 


40* 


52 


9.2 


5.2 


7.3 


-0.32 


3 


10* 


20 


46 


5.8 


3.5 


7.1 


-0.12 


4 


52* 


20 


45 


5.1 


2.8 


7.0 


-0.07 j 




5 






43 


3.5 


2.2 


7.0 


+0.11 


[Table 2] ( 


*: out of the scope of the present invention) 








Type 


Fe-base alloy 
granulated powder 


Fe-base sintered alloy member 
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Relative 
average 
particle 
size ratio 
(%) 


Blending 
quantity 
(wt%) 


Tensile 
strength 
(Kgffcm 2 ) 


Stretch 
(%) 


Impact 
value 
(Kgf- 

m/cm ) 


Density 
(g/cm 2 ) 


Size 
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[0011] 

[Effects of the Invention] Based on the results shown in Table 1 and Table 2, the Fe-base 
sintered alloy member manufactured by methods 1-16 of the present invention has greater 
properties, that is, high strength, high toughness, and high-density and, further, an extremely 
small rate of changing in size, in comparison with that manufactured by the comparative method 
5 (conventional method). On the other hand, as observed in the Fe-base sintered alloy member 
manufactured by the comparative methods 1-9, it is obvious that at least any of said properties 
deteriorates when either the relative average particle size ratio or the blending quantity of the Fe- 
base alloy granulated powder deviates from the scope of the present invention. 
[0012] 

As mentioned above, according to the method of the present invention, it is possible to 
manufacture an Fe-base sintered alloy member having high strength, high toughness, high 
density and extremely small rate of changing in size. Consequently, this method yields 
industrially useful effects, for example, when applying it to mechanical structure members, as 
excellent characteristics can be obtained for a significantly long time. 
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